Three week-old male chicks of a commercial breed were used to study the effect of sorbitol or added bile salts on the apparent metabolisable energy (AME) values and the apparent fat digestibility (AFD) coefficients of a diet rich in saturated lipids (15 p. 100 beef tallow). The experimental diet was given alone or supplemented with different levels of sorbitol (0.5, 1 or 2 p. 100) or bile salts (0.5 p. 100), added at the expense of dietary glucose. Both short-term (acute) and long-term (chronic) sorbitol intake periods were compared. Food efficiency and morphological changes in liver, gall-bladder and caeca were also investigated.
I. Introduction
Sorbitol is a naturally-occurring polyhydric alcohol which can be synthesised industrially from glucose by reduction. It is used as cholagogue, lipotropic agent and m.ild laxative in human medicine. The main action of sorbitol is, however, the stimulation of bile salts concentration and secretion, in man (P LESSIER , 1960 ; G RANCHA -R O V , 1973) in the dog (DU B IC H & K REKNIN , 1969 ; B E CKOROVAINAYA, 1971 ) and in the preruminant calf (TrIIVEND et al., 1983) .
In chickens, work has been performed to study the effects of sorbitol on body weight gain and on the synthesis and sparing of B group vitamins. It was found that the addition of 1.6 to 3.6 p. 100 of sorbitol to a growing chick diet improved final body weight (M AZAN O WSKI & M AZAN O WSKA , 1965) . However, although increasing this level to 10 or 20 p. 100 depressed body weight gain and caused caecal enlargement, it was found to enhance the concentration of caecal biotin at suboptimal levels of dietary biotin (B AUER & G RIMINGER , 1980) . On the other hand, the addition of small quantities of bile salts to the diet of young chicks improved the digestibility of dietary fat, especially that of saturated fatty acids (G OMEZ & PoLIN, 1974 , 1976 K ATONGOLE & MARCH, 1980; K USSAIBATJ , G UILLAUME & L ECLERCQ , 1982 a, b; P OLIN & H USSEIN , 1982) and as a result the metabolisable energy value of the diet was also increased (K USSAIBATI , G UILLAUME & L ECLERCQ , 1982 a, b).
The work reported here was undertaken in order to study the effects of various levels of sorbitol compared to those of added bile salts on food utilisation in young growing chicks, with special reference to dietary saturated fat. Furthermore the effects of these dietary additions on the morphology of the liver, gall-bladder and caeca were examined.
II. Material and methods
Thirty-six 1-day old male chicks of a broiler commercial breed (Hubbard) homogeneous with respect to body weight, were selected from a flock of 75 birds. Six groups (A, B, C, D, E and F) of 6 birds each were formed, the experiment unit being a single bind. The birds were raised and fed in individual cages provided with feeders and drinking founts and placed in a temperature and light controlled room. The temperature was reduced from hatch at a rate of 2 °C/week from 28 to 20 °C. Lighting was provided for 22 hr/d during the whole experiment.
The chicks were fed on a proprietary commercial diet ad libitum for the first 8d following hatch and the experimental diet (table 1) based on ground maize and soya-bean meal but containing 15 p. 100 beef tallow was introduced at 9 d of age. This diet was given ad libitum to 5 groups : without supplementation (group A), or supplemented with either 0.5 p. 100 bile salts (B) (a mixture of sodium cholate and sodium deoxycholate Sigma) or 0.5 p. 100 (C), 1 p. 100 (D) or 2 p. l00 (E) sorbitol (Merck) at the expense of dietary glucose. Food intake and live body weight gain of all the birds of these 5 groups were measured for 11 days in order to estimate food efficiency during this period. In addition the effects of chronic sorbitol or bile salts on food utilisation and the morphology of the liver, gall-bladder and caeca were also studied.
Birds of the 6th group (F) were maintained on the commercial diet from hatch up to 19 d of age and the experimental diet supplemented with 1 p. 100 sorbitol was introduced on the 21 nd day in order to study the effects of acute sorbitol intake on food utilisation. Apparent metabolisable energy (AME) values and apparent fat digestibility (AFD) coefficients were determined using the total collection method. The 5 d balance period was divided into fasting, feeding and refasting periods. At 20 d of age birds of all groups were fasted for 1 d, then the appropriate experimental diet in mash form was distributed ad libitum for 3 d. This was followed by a I d refasting period necessary to ensure complete clearance of the digestive tract of residues of food origin. Excreta were totally collected during the 3 d feeding plus the 1 d refasting periods :
At 25 d of age and after excreta collection, all the birds, except those of group (F), were killed by intracardiac injection of 0.5 ml nembutal (Abbot). The liver, the intact gall-bladder and both caeca with their contents were removed, frozen, freeze dried and weighed. Caecal lengths were measured before freezing.
The collected excreta were frozen, freeze-dried, weighed and a homogeneous sample was ground finely in a small grinder. Before weighing, excreta were allowed to stand for 24 h to reach equilibrium with atmospheric moisture. Gross energy of feed and excreta were measured by an adiabatic bomb calorimeter. Crude fat was extracted using chloroform : methanol (2 : 2, v/v) according to the method of FoLCH, LEES & S LOANE -S TANLEY (1957), with certain modifications for extracting faecal lipids (H AKANSSON , 1974) . Extracted lipids were purified using pure benzene according to the method described by D ELPECH , GUEZE L & L ECLERCQ (1966) , and quantitative determination of fatty acids was described elsewhere (KussAiBATi, G UILLAUME & L E -CL ER CQ, 1982 b). An analysis of variance (S NEDECOR , 1956 ) was used to test the significance of treatment factors.
III. Results and discussion
After feeding the chicks on the experimental diets for 11 d, it was found that neither food intake nor live body weight gain were significantly affected by the addition of 0.5 p. 100 bile salts or different levels of sorbitol (0.5 p. 100, 1 p. 100 and 2 p. 100) to the diet (table 2) . However, Mnznrrowsxr & M AZANOWSKA (1965) demonstrated that the final live body weights of growing chicks were improved as a result of adding sorbitol to their diet, but no explanation of this phenomenon was given by the authors.
Results concerning AME values and AFD coefficients are shown in table 3. Both the AME value and the AFD coefficient were significantly (P < 0.01 ) increased by 4.6 p. 100 and 16 p. 100 respectively, when 0.5 p. 100 bile salts were added to the diet. It is clear that the increase in AME values could be explained by the improvement of AFD. Indeed the AFD coefficient increased from 75.8 to 87.9 p. 100 as a result of bile salt addition. If it is assumed that the beef tallow has a gross energy value of 9 000 Kcal/kg, then it might be expected that its AME value would increased from 1 023 to 1 186 Kcal at 15 p. 100 inclusion ; the difference between these values, 163 Kcal, is very close to the difference between the AME values of diets A and B (160 Kcal).
The apparent digestibility of total fatty acids (table 4) was significantly (P < 0.01) increased by more than 14 p. 100, when 0.5 p. 100 bile salts were added to the diet. This improvement was noted for all fatty acids but especially saturated ones : palmitic (+ 25.7 p. 100) and stearic (+ 42.4 p. 100). The advantages of adding bile acids or salts with respect to fat digestibility in young chicks has already been demonstrated by many authors (GO ME Z & PO LIN , 1974 , 1976 K ATONGOLE & MARCH, 1980 ; Kus-sAISATt, GuI LL nUME & L ECLERCQ , 1982 a, b) . The effect of bile salts in this trial was highly pronounced and this could be attributed to the use of pure beef tallow rich in long chain saturated fatty acids. On the contrary, sorbitol had no effect on these parameters (AME and AFD), irrespective of the level of incorporation or the duration of feeding it. However, a slight but non-significant improvement in total fatty acid digestibility was observed when acute administration of sorbitol was used. The same tendency was observed for all fatty acids. Nevertheless, such a faint improvement is negligible from practical point of view.
It has been found that sorbitol administration can increase bile secretion in man and some domestic animals. In man, ingested sorbitol liberates an endogenous cholecystokinin, an intestinal hormone responsible for bile secretion and evacuation from the gall-bladder (P LESSIER , 1960) . In addition, sorbitol has been found to shorten dietary transit time by 38 p. 100 and to increase the hourly bile acid excretion rate by 31 p. 100 (H ARDISON , T OMASZEWSKI & G RUNDY , 1979) . As intestinal cells producing cholecystokinin have recently been demonstrated in the upper and lower ileum of chicken (R AWDON & A NDREW , 1981), sorbitol could increase bile secretion via its cholecystokenitic action. However, any action leading to a shortening in the transit time of the ingesta must be negligible, because intestinal transit is very rapid in chickens. No signs of diarrhoea, due to the sorbitol administration were detected during the present experiment and it may be that bile secretion was increased in these chicks but not sufficiently to produce a detectable improvement on fat digestibility. Caecal enlargement, reported by M ORGAN & Y UDKIN (1962) and B AUER & GRI-MINGER (1980) when high quantities of sorbitol (10-20 p. l00) were added to the diet was not observed in the present investigation (table 5) . This may be due to the lower levels of sorbitol (2 p. 100 maximum) used here.
The gall-bladder enlargement (twoto threefold increases in the size and freezedried weight; table 5) which was observed when 0.5 p. 100 bile salts were added to the diet could be explained by the daily continuous accumulation of these salts (after being metabolized) in the gall-bladder. It is well established, however, that bile secretion and absorption are continuous processes (SMALL, DOWLING & R ED INGER, 1972) and only a very small quantity of the bile acids fails to be absorbed (E ASTWOOD , 1973) . Finally, none of the dietary additions affected liver weight.
It was concluded that sorbitol, in contrast to bile salts, had no effect on food utilisation expressed as AME value or AFD coefficient terms when added in small quantities to a young chicks' diet.
Résumé
Effet du sorbitol et des sels biliaires sur l'utilisation de l'aliment et la morphologie du foie, de la vésicule biliaire et des caeca chez le poulet en croissance Des poulets mâles, d'une souche commerciale, âgés de 3 semaines sont utilisés pour étudier l'effet du sorbitol comparé à celui des sels biliaires sur les valeurs de l'énergie métabolisable apparente (EMA) et sur les coefficients d'utilisation digestive apparents des lipides (CUDL) d'un régime riche en lipides saturés (15 p. 100 de suif). Le régime est utilisé tel quel ou bien avec l'une des supplémentations suivantes : 0,5 ; 1 ou 2 p. 100 de sorbitol, ou 0,5 p. 100 de sels biliaires. Elles sont ajoutées au détriment du glucose. Deux périodes d'ingestion de sorbitol, courte et longue, sont comparées. De plus, l'efficacité alimentaire et les modifications morphologiques au niveau du foie, de la vésicule biliaire et des caeca sont également étudiées. L'incorporation de sels biliaires dans le régime augmente significativement les valeurs d'EMA et de CUDL (+ 4,6 p. 100 et 16 p. 100 respectivement, P < 0,01). Par contre, le sorbitol ingéré pendant une période courte ou longue, et quelle que soit sa quantité dans le régime, n'affecte ni l'EMA, ni le CUDL.
Les poulets nourris avec le régime contenant des sels biliaires présentent des vésicules biliaires hypertrophiées. De plus, le poids de celles-ci, après lyophilisation, est significativement augmenté et plus que doublé (P < 0,01). Enfin, quelle que soit la supplémentation, aucune modification au niveau du foie et des caeca n'est observée.
